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THE POTENTIAL ROLE FOR DISTRICT ENERGY
SYSTEMS IN GREENHOUSE ABATEMENT STRATEGIES
IN AUSTRALIA.
In 1997, in Kyoto, Australia pledged to limit greenhouse gas (GHG) emissions to 108%
of 1990 levels by 2010. In the period from 1990 to 1998, however, Australia's total
emissions increased by 17% (Stock, 2000) - clearly drastic action is required if Australia
is to have any chance of honouring the agreement made in Kyoto.
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Following the Kyoto meeting, the Australian Govemment announced a package of
measures (Howard, 1997) intended to deliver the promised emissions reductions. The
package included both demand and supply side strategies for improved energy efficiency,
more innovation, greater accountability for environmental impacts associated with energy
use, new emissions standards and conversion efficiencies in electricity generation, actions
to encourage the development of renewable energy and energy performance codes for
buildings. In spite of the introduction of these measures the Australian Bureau of
Statistics (ABS, 2000) predicts that energy related CO2 emissions will grow by 40%
between 1990 and 2010. Even if this prediction overestimates the increase by 100%
Australia will still fall far short of its target.
ABSTRACT
Bet,w~en 1990 and l~~ Australia's greenhouse gas emissions increased by 17% with
emissions from electricity generation increasing by over 30%. While most attention is
focus.ed on emissions relating to transport, buildings are also major energy users and so
co~tn?ute substantially to emissions levels. Strategies aimed at reducing building related
emissions have concentrated largely on reducing energy demand at the point of use and
have therefore concentrated on factors such as thermal insulation, use of energy efficient
appliances, energy labelling schemes and so on.
Most of the energy efficiency measures introduced in Australia have been directed at
limiting the end-use of energy: reducing the number and length of car trips, reducing
demand for energy for space heating and cooling by means of better insulation and
orientation of buildings, and so on. Far greater efficiencies, with concomitant reductions
in fuel requirements and related emissions, could be achieved by the adoption of district
energy systems coupled with cogeneration.
Under the 1997 Kyoto agreement Australia pledged to limit greenhouse gas emissions to
108:0 of 1990 levels. For a variety of reasons current strategies relating to the built
en~r?nment are quite .inade~uate if these targets are to be met, e.g., slow turnover of
building stock, lack of incentives, long payback periods.
Distri~t energy. systems, ",:hile commonplace in many parts of the world, have largely
been Ignored m Australia. Such systems offer far greater potential for emissions
reductions tJ:u'0ugh. reduc~d ~~nsumption of fossil fuels. Recent changes in energy
markets and I.nc~easmglIvaIi.ablhty.of natural gas supplies are major factors that may now
mean that district energy IS a Viable alternative to conventional energy systems in
Australia.
2.0 ENERGY USE IN AUSTRALIA
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Transport in Australia is the major end user of energy (Wilson et al., 1994). Transport
accounted for 41% of total end use of energy in 1990-91 and therefore much of both
Commonwealth and state govemment action has been directed at reducing energy use in
this sector. Australia's continuing dependence on private cars for transport and the
expansion of motorways in the major cities has meant that little real progress has been
made in this area.
1.0 INTRODUCTION
Buildings are also major energy users. The majority of operational energy in non-
residential buildings is devoted to heating, cooling and lighting - in Australia HV AC
systems account for around 43% of the energy used in commercial buildings, and a
further 22% is used for lighting (CBEC, 1994). Hot water accounts for another 18%.
Energy use in domestic buildings is divided differently with water heating (41%),
refrigeration (14.5%), cooking (9.4%) and lighting (7.7%) being the major uses (Gilchrist,
1994).
The threat of global climate change resulting from anthropogenic emissions of so-called
greenhouse ga~es~ ~riDcipally carbon dioxide, has prompted a multiplicity of plans,
strategies and mlt1atl~es around the ",:orld aimed at reducing these emissions. Many of
these measures are directed at reducmg the use of energy in one form or another for
example, in fuel for trmsport or for the generation of electricity. Much has been written
and sai~ ~bout "improving energy efficiency" as a major method of reducing greenhouse
gas emissions and also as a way of reducing the rate of depletion of fossil fuel reserves.
Most of the energy used in buildings is delivered as electricity, most of it (82% in 1996-
EIA, 1998) produced in large thermal power stations fuelled by black or brown coal. As a
result electricity generation is responsible for around one-third of Australia's total GHG
emissions (AEN, 1997). There is, therefore, a clear link between energy use in buildings
and GHG emissions.
170 171
3.0 PRESENT STRATEGIES FOR REDUCING ENERGY USE IN
BillLDINGS
connection with industrial heat hosts. These cogeneration (or combined heat and power-
CHP) systems operate at overall efficiencies of up to 90%, using less fuel inputs and
producing lower emissions than conventional separated production of electricity and heat.
Measures aimed at reducing energy use in buildings are designed to reduce end use of
ener?y, i.e., ~ey are deman~ management measures and include the use of energy
efficient ap~hances and equipment (e.g., variable speed fans and pumps, compact
fluorescent hgh~s), passive design principles (e.g., natural ventilation and daylighting),
contro! me?harus~s (e.g., occupant sensors) and so on. These measures do provide
reductions III delivered energy: use: the Sustainable Energy Development Authority, a
NS~ gove~ent agency, .estlmates that through cost effective application of energy
efficient principles and equipment to existing buildings, energy reductions of 40% and
2~% are possible ~n the co~ercial and .industrial sectors respectively (SEDA, 2000)
With.greateroreductlO~s possible III new .bUlI~gs. Similarly in the residential sector they
pr.edict a 30~ redu~tI~n thr~ugh ?etter insulation, use of energy efficient appliances and
climate sens~tlv~building orientation and window design. Australia, however, lags behind
other countnes III the take-up of these measures (ISR, 1999) and even if all voluntary and
mandatory measures were adopted the Kyoto target would not be reached due to a
predicted increase in overall energy demand (AGO, 1999a and 1999b).
5.0 COGENERATION AND DISTRICT ENERGY IN AUSTRALIA
District energy (DE) systems have operated successfully and profitably in many parts of
the world over the last hundred years and there is currently an increase in their adoption
in other countries (e.g., Japan and the UK). DE and cogeneration are key elements in the
climate change strategies of many countries including Denmark, Germany, Sweden,
Finland and the Netherlands (IDEA, 1997). In Australia, however, little interest has been
shown in the concept.
While there has been an increase in the use of industrial cogeneration in recent years, with
a range of cogeneration projects completed (ranging from O.IMW to 180MW) very few
true DE systems have been built and those that have are small, e.g., the installation at the
University of Western Sydney which generates only about IMW of electricity and
transports hot and chilled water around 6km of underground pipe (BEST, 1998).
4.0 SUPPLY V. DEMAND MANAGEMENT
~Ie. improvin~ the energy: performance of buildings and thus reducing energy related
e~ss~ons IS desirable th.ere IS far greater potenti~1 for emissions reduction on the supply
Side, i.e., in the production of useable energy. GIVen that 84% of GHG emissions from
residential buildings and 89% from commercial buildings is attributed to electricity use
(AGO, .1999a and 1999b), and that the largest single source of emissions is electricity
g.en~ratlOn (AEN, 1997), reducing emissions at the point of production would add
significantly to overall emissions reduction.
In 1993 the Australian Cogeneration Association (ACA - now called the Australian
Ecogeneration Association), was formed to promote the adoption of cogeneration. One of
its aims was to raise the profile of cogeneration so that by 2010 20% of Australia's
electricity generation would be based on cogeneration - however, by the end of 1998 only
4.8% was cogeneration based (ACA, 1999). Revised estimates now suggest that around
14% will be cogeneration based by 2010 (AEA, 2001).
Conver~ion effici.enci.es in coal fired stations are at best around 40%. Gas provides better
conv~rsl?n efficiencies and reduces emissions as it is an inherently cleaner fuel;
substituting gas for black and brown coal in power stations in Australia would reduce
CO2 emissions by 57% and 69% respectively (AGA, 1997), would eliminate SOx
(McCabe, 1996) and reduce NOx emissions (Spurr, 1996). Globally, switching from coal
to nanu:al gas ~or ~Iectricity generation, while maintaining existing fuel to electricity
conversion efficiencies, would reduce emissions by 40% (!PCC, 1996).
Over .40% of global en~y .use is attributable to the production of low temperature heat
(Kettmg, 19?5) used pnmanly ~o: space an~ water heating. In the USA 36% of primary
en~rgy use IS ~e~oted to ~lectnclty generation yet only 11% is converted to electricity
~hile the rem~llllllg 25% ISdumped into the environment as waste heat - but heat which
ISperfectly SUItablefor space and water heating (Spurr, 1996). In Australia more than half
(around l200P J) of the heat produced by burning coal in power stations is lost from large
generators each year (AEN, 1997).
6.0 BARRIERS TO DISTRICT ENERGY IN AUSTRALIA
District energy is seldom mentioned in Australian literature, and when it has been
considered it has generally been seen as uneconomic (e.g., lEA, 1997). A number of
factors have restricted interest in DE in Australia in spite of its success in other countries.
The principal factors are:
• An abundance of coal for power generation, industrial use, space heating and town
gas - as a result Australia's electricity prices are amongst the lowest in the world,
and electricity has traditionally provided a cheap and convenient means of
satisfying demands for heating water, and space heating and cooling.
• The dominance of low density suburban developments based primarily on
detached single family dwellings with rigid separation of residential, commercial
and industrial land use - the combination of low energy demand per unit area and
restricted opportunities for load levelling has made DE largely uneconomic.
• The existence of monopolies and tight regulation in electricity and gas markets
which did not provide incentives for development of new approaches - in
particular there was no mechanism in place to allow the sale of surplus power
from independent generators to the grid, nor regulation to ensure that reasonable
prices were paid for surplus power.
• A generally low awareness of the technology available, and the economic and
environmental potential.
• A lack of government interest in sustainable energy policies.In som~ countries this waste heat is captured and used in district energy systems. In
Australia the use of waste heat is less common and when it is used it is used mainly in
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• A general perception amongst energy professionals that a short heating season in
much of Australia pushed heat demand below economic levels.
The interviews were "semi-structured", i.e., the interviewees were asked a set series of
questions but were free to expand their responses as they chose. This approach was
chosen for a number of reasons:
• the participants were from diverse backgrounds including various branches of
engineering, government departments and academia so the knowledge that they
had of various aspects ofthe topics addressed was expected to vary widely.
• the semi-structured approach provided a focus and continuity to the questions but
left room for the author to fill in gaps in the interviewees' knowledge thus
allowing the interview to flow, and the interviewee to engage more fully with the
topic.
• given that there is little in the Australian literature about DE this approach
-provided an opportunity to canvass a range of issues with a diverse group of
professionals.
• all the participants were very busy people - a semi-structured approach allowed
the author to balance time spent on various aspects of the discussion according to
time available and the specialist areas of knowledge that different participants had.
A number of changes in the Australian context in recent years have shifted the balance in
most of these areas.
• There has been widespread deregulation of energy markets with the elimination of
monopolies, as well as rapid expansion of natural gas supply with the exploitation
of new gas fields and the construction of a large amount of supply infrastructure.
• Government at all levels is promoting increased urban densities in response to
continuing urban sprawl, particularly in the major cities of Sydney and
Melbourne.
• Similarly . gov~ent i~terest in sustainable energy policies is increasing,
resulting In the introduction of more and more regulation related to emissions
pollution control, and energy efficiency. '
• Cooling technologies based on heat have improved, giving the option of utilising
waste heat all year round for either space heating or cooling, thus enabling the
technology now known as ''trigeneration'': the simultaneous production of
electricity, heat and cooling. In general it was felt that a rigidly structured approach (such as a written questionnaire)
would stifle discussion while an unstructured approach might simply have consumed the
limited time available without covering all the necessary facets of the topic. In view of the
nature of the survey and the wide-ranging discussions which it generated a rigorous
statistical analysis was not considered appropriate, however, several clear trends were
apparent. In broad terms, those from engineering backgrounds had substantial knowledge
of the concepts of cogeneration and DE but were not convinced that such schemes were
economically attractive at present, mainly because of the continuing low prices for
electricity, low both for consumers who buy from large distributors and low for
independent generators trying to sell surplus power to the grid.
7.0 PRIMARY RESEARCH
In spite of these changes there has still been little active interest in DE. Anecdotal
evidence suggested that this was due to a general lack of awareness of the concepts
relevant to the adoption of DE as a substitute for conventional energy supply among those
people in Australia who are responsible for policy and planning in these areas (e.g.,
energy policy, urban planning policy). In order to ascertain the level of knowledge and
understanding of the concepts involved two studies were undertaken, one in 1998, the
second in 1999 (Best, 2001).
7.1 Knowledge Survey
The study was a survey of a range of people involved in various aspects of energy
planning, urban planning and policy formulation. The survey was based on a series of
semi-structured interviews conducted by the author; the interviewees were selected from
a ~ange of disciplines and areas of activity in Sydney and Canberra, in both the public and
pnvate sectors. The interviewees, 25 in all, included:
• town planners (academics and local government)
• mechanical and electrical engineers (in private practice and with major energy
suppliers)
• energy consultants (public and private sector)
• facilities managers (large investment companies)
• representatives of a range of government departments and bodies (state and
federal) including the NSW Environment Protection Authority, SEDA, ACT
Departments of Urban Affairs, Housing and Planning, NSW Department of Urban
Affairs and Planning and the Commonwealth Department of Primary Industry and
Resources.
In contrast the planners and policy makers in the public sector were generally completely
ignorant of most aspects of power generation, cogeneration, associated environmental
impacts and the like. Many showed great interest in the concepts when they were
explained and agreed that DE, if economically supportable, should be considered in future
developments.
There was a common view that low electricity prices would undergo an upward
correction in the near future as current prices have been artificially depressed in response
to a general market restructuring which has seen competing generators lower supply
prices to unsustainable levels as they try to establish their market share in the newly
deregulated energy sector. This has been exacerbated by traditional market distortions
caused by electricity vesting contracts which were granted to existing generators in NSW
and Victoria during the early stages of market reform. These contracts locked some
electricity distributors into paying considerably higher prices to the generators who
supply them than any new generator trying to enter the market could possibly expect to
command. As they enjoy inflated profit margins on these contracts the existing generators
have then been able to supply large quantities of electricity to the national pool at their
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marginal cost which is well below anything that new players such as cogenerators could
hope to match. (ACA, 1998).
independent generators. These measures have not yet, however, produced conditions
which encourage widespread adoption of cogeneration or DE. This may change as
markets adjust over time and established contracts with unrealistically low prices expire.
There is also a move towards an emissions trading policy but this is proceeding very
slowly. In time this may benefit co generators as they will able to turn avoided emissions
into cash and so offset production costs.
7.2 Review of Government Publications
The second study involved a review of a number of key publications produced by or for a
range of Cornmonwealth and state governments departments and agencies. This review
was intended to assess whether published material dealing with topics such as air
pollution, energy efficiency and GHG abatement reflected the varying knowledge levels
which were identified in the survey described above. A small number of documents
published in other countries were also reviewed in order to highlight the difference in the
way that DE/cogeneration is viewed in those countries by comparison with Australia.
8.2 Environmental Factors
As international pressure mounts on Australia to address the problem of growing
emissions, alternative approaches must be considered. Recent strategies for reducing
energy use in buildings can be shown to be largely insignificant when seen as part of a
larger picture: savings can be made through a variety of demand management measures
such as increased use of natural ventilation but these measures are mostly restricted to
new buildings while the great majority of the existing building stock will remain
untouched. In fact, as statistics show (AGO, 1999a) electricity used for appliances,
lighting, cooking and water heating produce over 85% of GHG emissions from residential
buildings, hence the range of measures designed to control energy demand that are linked
to the physical features of the buildings (e.g., solar access, wall and ceiling insulation) in
fact have no effect on the energy use that produces the bulk of the emissions. If and when
government moves to intemalise the enviromnental costs of conventional electricity
generation the resultant increase in prices may well tip the balance in favour of the much
more efficient localised generators who utilise the waste heat that is dumped by large
centralised generators.
A total of 22 Australian publications released between 1988 and 1999 were reviewed.
Several of the documents contain little reference to energy use or energy planning but
were included in the review as they demonstrate that such broad questions as "improved
urban design", "better cities" and greater amenity for city dwellers" can apparently be
addressed without any mention of problems such as air pollution and GHG emissions.
Similarly the whole question of energy supply and its consequences were often totally
ignored. The results of the review show that apart from one document (MPI, 1996) DE
was not mentioned while the few references to cogeneration were generally accompanied
by warnings about possible problems associated with locating plants in urban areas and
the possible unwelcome consequences which may follow, particularly with regard to NOx
emissions. Advances in combustion technology make these warnings of little concern:
Spurr (1996) for example claims that gas-fired DE coupled with cogeneration can reduce
NOx emissions by up to 50% when compared to separate electricity and heat production
for commercial buildings.
8.3 Population Density and Zoning
Australia's major cities, particularly Sydney and Melbourne, are growing rapidly. It is
projected (Barnett, 1997) that Sydney will have to accornmodate an additional 1.3 to 1.8
million people over the next 45- 50 years; if the present pattern of suburban expansion
continues then the arnount of extra residential land required will be around 460 sq Ian.
With allowance for additional infrastructure, town centres and the like the total area will
be between 770 and 920 sq km. This is a substantial addition to a city which already
sprawls along 90km of coastline and 70km inland.
The results of the review, therefore reinforce the notion that those in the best position to
promote DE in Australia in fact know little about it or its benefits. Unlike Australia,
however, some countries treat DE and cogeneration as vital components of their energy
policies. The European Union for instance sees "CHP as one of the very few technologies
which can offer a significant short or medium term contribution to the energy efficiency
issues" (European Commission, 1997). The Intergovernmental Panel on Climate Change
recognizes that the potential for efficiency improvements in energy conversion is very
large and that more efficient conversion of fossil fuels can be achieved through
cogeneration and energy cascading (!PCC, 1996).
This is unsustainable for a number of reasons including the number of greenfield sites
which would be required and the increased number of car trips which would be generated.
Urban pollution in Australia is closely linked to vehicle emissions and this will only be
made worse if the present model of suburban development is maintained. If, however,
governments continue to promote higher population densities in new developments, and
given that a lot of development (30% of new housing, 50% of cornmercial development)
is in "reurbanised areas", i.e., established inner city urban areas which are redeveloped
(SEAC, 1996), which generally have higher residential densities, then the attractiveness
of DE may be enhanced. There is also a strong case for a greater mix of land uses in
suburban areas; this not only provides more local employment for residents, thus reducing
travelling, but also increases the number and, importantly, range of customers for heating,
cooling and electricity.
8.0 PROSPECTS FOR DISTRICT ENERGY IN AUSTRALIA
There have been a number of changes in Australia in recent years which improve the
prospects for district energy, although it is not yet clear whether these changes will
generate sufficient impetus for DE to be adopted either in future developments or
mcorporated into retrofits in existing areas.
8.1 Market Refores
Deregulation of energy markets in Australia has opened the way for competition between
gas and electricity suppliers as well as facilitating the sale of surplus electricity from
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9.0 Conclusion
District energy ahs brgely been ignored in Australia in spite of the great potential which
it has for slowing iDl:reases in GHG emissions. The research outlined in this paper has
shown that this may be due, at least in part, to a general lack of awareness of this potential
among government lIgencies that would be well placed to promote its adoption.
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This paper also discusses some of the changes in the local context that may lead to
increased economic viability of DE, particularly market reforms and the advent of
"trigeneration" schemes which provide opportunities for year-round utilisation of waste
heat. These changes coupled with possible changes in urban planning aimed at increasing
population densities and providing a greater mix of land use in suburban areas can also
increase the viability of DE schemes.
It remains to be seea if these changes will be sufficient to encourage moves away from
conventional energy supply systems now in place - this is particularly so given the
strength of the Australian coal industry and its importance to the national economy.
Certainly if Australia is to make any serious attempt to meet its obligations under the
Kyoto Protocol then DE may offer a chance of achieving those targets which cannot be
achieved by the measures currently in place.
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